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© Liquid transfusion apparatus. 

The liquid transfusion apparatus (101) according 
^■to the present invention inlcudes a setting device 
£?(114) adapted to respectively set a normal level of 
pressure of the fed liquid and an upper alarm level 
Oof pressure of the fed liquid, calculating unit (118) for 
^calculating a percentage of a diiference between the 
HI detected level of pressure of the liquid and the set 
normal level to a diiference between the set upper 
alarm level and the set normal level, and display unit 



(120) for displaying the calculated percentage. The 
liquid transfusion apparatus is very useful for moni- 
toring the pressure of the liquid wich is being admin- 
istered to a patient. 
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LIQUID TRANSFUSION APPARATUS 



BACKGROUND OF THE INVENTION 



1. Field of the Invention: 

The present invention relates to a liquid trans- 
fusion apparatus adapted to forcibly transfusing a 
transfusion liquid by a pressure generated by a 
pump or the like. 



2. Description of the Related Art: 

In general, a liquid transfusion apparatus which 
forcibly feeds a transfusion liquid by a pressure 
offers advantages over gravity-type of liquid trans- 
fusion apparatus, such as greater degree of free- 
dom of control of the flow rate of the liquid to be 
transfused, higher stability of the flow rate, and so 
forth. When this type of liquid transfusion apparatus 
is used for transfusion treatment, there is a risk that 
the pressure at which the transfusion liquid is sup- 
plied to the patient's body is dangerously changed 
due to, for example, inadequate prick of the needle, 
accidental removal of the needle from the blood 
vessel as a result of movement of the patient, 
bending of the transfusion tube, and so forth. 

In order to avert from such a danger, the 
known liquid transfusion apparatus feeding forcibly 
the transfusion liquid is provided with means for 
monitoring the pressure of the transfusion liquid 
during the transfusion treatment. More specifically, 
the pressure of the transfusion liquid is detected by 
a pressure sensor disposed at an intermediate por- 
tion of the transfusion tube, and the pressure signal 
from the pressure sensor is converted into a digital 
signal by an A/D converter, and thus the converted 
signal is delivered to a display unit which digitally 
displays the pressure level corresponding to the 
digital signal. The pressure signal from the pres- 
sure sensor also is supplied to a comparator which 
compares the pressure level with a predetermined 
reference level When the reference level is ex- 
ceeded by the pressure level, an alarm is sounded 
to inform that the pressure of the transfusion liquid 
is abnormally high. 

In this known apparatus, the display unit dis- 
plays the level of the pressure of the transfusion 
liquid in, for example, psi (pound per square inch) 
as it is. Thus, there is no means which would show 
how much the pressure of the transfusion liquid is 
deviated from a normal pressure level, and how 
much a margin of pressure is left until the alarm is 
sounded. Thus, a doctor or a nurse has to deter- 
mine the margin of pressure which is left until the 



alarm is sounded, by reading the level displayed 
on the display unit and comparing the read level 
with the normal pressure level or a pressure level 
at which the alarm is to be sounded. Namely, it has 

5 been impossible to determine, at a glance of the 
display unit, the deviation from the normal pressure 
level and the degree of margin of pressure which is 
left until the alarm is to be sounded, at a glance of 
the display unit. In addition, the allowable limit level 

10 of the pressure of the transfusion liquid varies 
according to the nature of the patient. Namely, the 
maximum allowable pressure for adults is different 
from that for infants. This means that the pressure 
level at which the alarm is to be sounded must be 

15 changed according to the type of the patient. Once 
the pressure level at which the alarm is to be 
sounded is changed, the doctor or the nurse is 
obliged to reconsider the degree of margin pres- 
sure which is left until the alarm is sounded. Thus, 

20 the known liquid transfusion apparatus cannot be 
used conveniently and, hence, an improvement has 
been required. 

25 SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to provide a liquid transfusion apparatus which 
enables a doctor or a nurse to recognize, at a 

30 glance, the amount of deviation of the pressure of 
the transfusion liquid from the normal pressure 
level or the degree of margin of pressure which is 
left until the alarm is to be sounded. 

According to the present invention, the object 

35 of the present, invention is attained by a liquid 
transfusion apparatus comprising: a transfusion 
tube for a transfusion liquid to be pricked into 
human body; 

a liquid feed unit disposed at the feed tube for 
40 feeding to the human body the liquid in the feed 
tube; a pressure detection unit disposed in the feed 
tube, in a downstream side of the liquid feed 
means for detecting a pressure level of the fed 
liquid; a setting unit adapted to respectively set a 
45 normal level of the pressure level of the fed liquid 
and art upper alarm level of the pressure level of 
the fed liquid; a calculating unit adapted to cal- 
culate a percentage of a difference between the 
detected level of the pressure level of the liquid 
so and the set normal level to a difference between 
the set upper alarm level and the set normal level; 
and a display unit electrically connected to the 
calculating means for displaying the calculated per- 
centage. 

The liquid transfusion apparatus according to 
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the present invention is provided with a setting unit 
adapted to respectively set a normal level of the 
pressure level of the fed liquid and an upper alarm 
level of the pressure level of the fed liquid, a 
calculating unit adapted to calculate a percentage 
of a difference between the detected level of the 
pressure level of the liquid and the set normal level 
to a difference between the set upper alarm level 
and the set normal level, and a display unit elec- 
trically connected to the calculating means for dis- 
playing the calculated percentage. 

According to the invention, therefore, a doctor 
or a nurse can recognize, at a glance, the amount 
of deviation of the present pressure of the transfu- 
sion liquid from the normal pressure level and the 
degree of margin of pressure which is left until the 
alarm is to be sounded, when he or she looks at 
the percentage displayed on the liquid transfusion 
apparatus. 

Therefore, any abnormal pressure rise is easily 
detected before the alarm is sounded, thereby en- 
abling the nurse or the doctor to take any recovery 
measure such as re-pricking with the needle or 
straightening of the bent transfusion tube. In addi- 
tion, the normal pressure level and the pressure 
level at which the alarm is to be sounded can 
easily be changed through an operation of the 
setting means as required according to the type of 
the patient and to the existing state of use of the 
liquid transfusion apparatus. 

Thus, the invention provides a liquid transfu- 
sion apparatus which is easy to use and which can 
overcome the above-described problems of the 
prior art. 

Further objects and advantages of the present 
invention will be apparent from the following de- 
scription of the preferred embodiment of the inven- 
tion as illustrated in the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of an embodiment 
of a conventional liquid transfusion apparatus. 

Fig. 2 is a block diagram of an embodiment 
of the liquid transfusion apparatus; and 

Fig. 3 is an illustrative view of a display unit 
used in the embodiment shown in Fig. 2. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Fig. 1 is a block diagram of the conventional 
liquid transfusion apparatus adapted to forcibly 
transfusing a transfusion liquid by pressure. This 
conventional apparatus has a monitoring means 
which enables the pressure of the transfusion liquid 
to be monitored. More specifically, the pressure of 



the transfusion liquid in a transfusion tube 1 is 
detected by a pressure sensor 2 provided at an 
intermediate portion of the tube 1 , and the pressure 
signal from the pressure sensor 2 is converted into 

5 a digital signal by an A/D converter 3. The digitized 
signal is displayed as a pressure level in a display 
unit 4. The pressure signal from the pressure sen- 
sor 2 also is supplied to a comparator 5 which 
compares a pressure level corresponding to the 

to pressure signal with a predetermined reference lev- 
el. When the reference level is exceeded by the 
pressure level, an alarm 6 is sounded to inform that 
the pressure of the transfusion liquid is abnormally 
high. 

15 Fig. 2 is a block diagram of the liquid transfu- 

sion apparatus according to the present invention. 
The apparatus 101 has a transfusion tube 102 
which is connected at its upstream end to a bag 
(not shown) for receiving a transfusion liquid and at 

20 its downstream end to a needle (not shown). Feed- 
ing means 104 for feeding the transfusion liquid is 
provided at an intermediate portion of the tube 102. 
Also provided at an intermediate portion of the tube 
102 is a pressure sensor 106 for sensing the pres- 

25 sure of the transfusion liquid which is being trans- 
fused through the tube 102 by the pressure gen- 
erated by the feeding means 104. The feeding 
means 104 may be a transfusion pump including 
eccentric cams provided on the shaft of the pump 

30 and fingers provided on the outer circumference of 
the eccentric cams so as to press the tube 102. 
The word "transfusion liquid" used in the present 
specification includes a blood and a medical liquid. 
In the illustrated embodiment, an electromagnetic 

35 induction sensor is used as the pressure sensor 
106. This, however, is not exclusive and a strain- 
gauge-type sensor, capacitance-type sensor and a 
diaphragm-type sensor capable of directly or in- 
directly sensing the pressure can be used as the 

40 pressure sensor 106. 

The pressure sensor 106 senses the pressure 
of the transfusion liquid transfused through the tube 
102 and delivers a pressure signal to an A/D con- 
verter 108. The A/D converter 108 converts the 

45 pressure signal from the sensor 106 into digital 
signal and delivers it as an output signal to a CPU 
(Central Processing Unit) 110 which is adapted to 
process the digital signal received from the A/D 
converter 108. An interface section 112, which is 

50 electrically connected to the CPU 110, receives a 
control signal from the CPU 110 and delivers the 
same to the feeding means 104. A setting device 
114 electrically connected to the CPU 110 is adapt- 
ed to be able to set a normal pressure level for the 

55 transfusion liquid and a pressure level at which an 
alarm is to be sounded. 

The CPU 110 has a memory section 116 for 
storing respectively the normal pressure level and 
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an alarm pressure level at which an alarm Is to be 
sounded, which pressure levels are set by the 
setting device 114, and a calculation section 118 
for calculating the percentage of the difference 
between the pressure of the transfusion liquid and 
the normal pressure level to the difference between 
the normal pressure level and the alarm pressure 
level on the basis of the normal pressure level and 
the alarm pressure level, which are stored in the 
memory section 116, when receiving the pressure 
signal from the pressure sensor 106 through A/D 
converter 108. The memory section 116 includes a 
memory unit 116a for storing the normal pressure 
level and a memory unit 116b for storing the alarm 
pressure level. The display unit 120, which is elec- 
trically connected to the calculation section 118, is 
adapted to display a calculation result on the basis 
of a calculation result signal from the calculation 
section 118. The alarm 120 is connected to the 
calculation section 118 and operates in accordance 
with the calculation result signal from calculation 
section 118 so as to sound an alarm when the 
pressure of the liquid detected by the pressure 
sensor 106 has exceeded the alarm pressure level. 

The operation of the described embodiment is 
as follows. 

Before the use of the apparatus 1 , the normal 
pressure level (Pn) for the pressure of the liquid to 
be transfused and the alarm pressure level (Pa) at 
which the alarm is to be sounded are set by means 
of the setting device 114. For instance, the alarm 
pressure level (Pa) is set at 17 psi for adults and at 
7 psi for infants. The normal pressure level (Pn) 
and the alarm pressure level (Pa) set by the setting 
device 114, are respectively stored in the memory 
unit 116a for the normal pressure level and in the 
memory unit 1 16b for the alarm pressure level. 

An outer diameter of the tube 102 varies ac- 
cording to a change in the internal pressure of the 
tube 102, with the result that the level of the 
pressure signal from the pressure sensor 106 also 
changes. The pressure signal outputted from the 
pressure sensor 106 is digitized through the con- 
verter 108 and the thus digitized pressure signal is 
supplied from the converter 108 to the calculation 
section 118 of the CPU 110. The calculation sec- 
tion 118 then calculate a percentage (P%) given by 
the following formula on the basis of the normal 
pressure level (Pn) and the alarm pressure level 
(Pa), which levels are stored in the memory section 
116, and the digitized pressure signal which is 
representative of the pressure level (Px) of transfu- 
sion liquid and is supplied from the converter 108. 
P% = {(Px - Pn)/(Pa - Pn)} x 100 

The result of the calculation is delivered from 
the calculation section 118 to the display unit 120 
so that the display unit 120 displays the level of the 
percentage (%) in the form of a numerical repre- 



sentation as shown in Fig. 3a or in the form of a 
bar graph as shown in Fig. 3b. 

The doctor or the nurse can therefore recog- 
nize, at a glance of the percentage displayed in the 

5 display unit 120, the amount of deviation of the 
pressure of the transfusion liquid from the normal 
pressure level or the degree of margin of pressure 
which is left until the alarm is to be sounded. 

When the alarm pressure level at which an 

10 alarm is to be sounded is exceeded by the pres- 
sure level corresponding to the pressure signal 
from the pressure sensor 106, the calculation sec- 
tion 118 delivers an alarm signal to the alarm 120 
so that the alarm is sounded to inform that the 

75 pressure of the transfusion liquid has been raised 
to an abnormal level. At the same time, the feeding 
means 104 is stopped by a control signal from the 
CPU 110 through the interface section 112 to 
thereby stop the supply of the liquid. 

20 Many widely different embodiments of the 

present invention may be constructed without de- 
parting from the spirit and scope of the present 
invention. It should be understood that the present 
invention is not limited to the specific embodiment 

25 described in the specification, except as defined in 
the appended claims. 

Claims 

30 

1. A liquid transfusion apparatus (101) compris- 
ing: 

a transfusion tube (102) for a transfusion liquid to 
be pricked into a human body; 
35 a liquid feed means (104) disposed at said feed 
tube (102) for feeding to said human body said 
liquid in said feed tube; 

a pressure detection means (106) disposed in said 
feed tube (1 02) in a downstream side of said liquid 
40 feed means (104) for detecting a pressure level of 
said fed liquid; 

a setting means (114) adapted to respectively set a 
normal level of said pressure level of said fed liquid 
and an upper alarm level of said pressure level of 

45 said fed liquid; 

a calculating means (118) adapted to calculate a 
percentage of a difference between said detected 
pressure level and said set normal level to a dif- 
ference between said set upper alarm level and 

so said set normal level; and 

a display means (120) electrically connected to 
said calculating means (118) for displaying said 
calculated percentage. 

2, A liquid transfusion apparatus according to 
55 Claim 1, wherein said pressure detection means 

(106) includes a pressure sensor for detecting said 
pressure level of said liquid in said feed tube and 
for outputting an analog signal representative of 
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said detected pressure level of said liquid, and an 
A/D-converter (108) electrically connected to said 
pressure sensor (106) for converting said outputted 
analog signal from said pressure sensor into a 



3. A liquid transfusion apparatus according to 
Claim 1, wherein said setting means (114) com- 
prises a first memory unit (116a) for storing said 
set normal level, and a second memory unit (116 



4. A liquid transfusion apparatus according to 
Claim 1, wherein said calculating means (118) fur- 
ther comprises an interface (112) electrically con- 
nected to said calculating means (118) and said 
liquid feed means (104), said interface being adapt- 75 
ed to output a control signal from said calculating 
means to said liquid feed means (104). 

5. A liquid transfusion apparatus according to 
Claim 1, wherein said calculating means (118) fur- 
ther comprises an alarm unit (122) for sounding an 20 
alarm when said detected pressure level of said 
liquid exceeds said set upper alarm level. 

6. A liquid transfusion apparatus according to 
Claim 1, wherein said liquid feed means (104) 
comprises a transfusion pump having eccentric 25 
cams attached to an rotational shaft thereof, and 
fingers fixed to an outer circumferential surface of 
said eccentric cams so as to press said feed tube 
(102). 

7. A liquid transfusion apparatus according to 30 
Claim 2, wherein said pressure sensor (106) is an 
electromagnetic induction sensor. 

8. A liquid transfusion apparatus according to 
Claim 2, wherein said pressure sensor (106) is a 
capacitive-type sensor. 35 

9. A liquid transfusion apparatus according to 
Claim 2, wherein said pressure sensor (106) is a 
diaphragm-type sensor. 

10. A liquid transfusion apparatus according to 
Claim 1, wherein said display means (120) is 40 
adapted to display said percentage in numerals. 

1 1 . A liquid transfusion apparatus according to 
Claim 1, wherein said display means (120) is 
adapted to display said percentage by a bar graph. 
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